Benefits from the plant-sediment MFC by Arends, Jan et al.
Benefits from the Plant-Sediment MFC 
Jan B.A. Arends, Nico Boon, Willy Verstraete, Korneel Rabaey 
Laboratory of Microbial Ecology and Technology (LabMET), 
Ghent University, Coupure Links 653, 9000 Gent, Belgium 
Corresponding author E-mail: Korneel.Rabaey@ugent.be 
Introduction & Objectives 
A sediment microbial fuel cell uses the reduced organic matter in the anaerobic 
subsurface of a waterlogged system to produce a small electrical current. This current 
is used in the overlying waterlayer to reduce a terminal electron acceptor, usually 
oxygen. In such a system, the catalyst on the electrodes is usually of a microbial 
nature. A plant-sediment microbial fuel cell is characterized by a continuous supply of 
organic matter to the anode electrode by means of rhizodeposition. A Plant Sediment 
MFC faces several challenges such as 1) placement of the anode electrode/current 
collector at the site with the highest organic carbon concentration, i.e. the 
rhizosphere/plane and 2) A high internal resistance due to a relatively large distance 
between anode and cathode and usually a low conductivity of pore liquid. These two 
conditions create bottlenecks that need to be improved or circumvented in order 
increase the comparatively low power output from a plant-sediment MFC. In this 
work the first bottleneck is targeted while suggestions are done to address the 
second bottleneck. Moreover, an attempt is made to increase the value-creation of 
the Plant-Sediment MFC beyond electrical power. Therefore the impact of introducing 
an anode as alternative electron acceptor in a microbial niche is investigated. As a 
model CH4 emissions of the rhizosphere of rice plants is used. Here, the Plant-
Sediment MFC can possibly make an impact one of the largest anthropogenic sources 
of atmospheric CH4 release [1].  
Materials & Methods 
Anode electrode material and distribution screening tests were performed in 
duplicate microcosms of 350 ml with washed sand without organic carbon as the 
model sediment. Organic carbon was added in a controlled fashion as Na-acetate. 
The anode current collector consisted of a carbon rod (5 mm, Morgan). The anode 
was inoculated with effluent from a running MFC. The cathode consisted of graphite 
felt (4 cm2, 3.18 mm, Alfa Aesar) and a carbon rod current collector. An Ag/AgCl 
reference electrode was placed close to the cathode. Cell potential over an external 
resistance and electrode potentials were monitored every 5 min. using a data 
acquisition system (349704A, Agilent). Calculations are performed with hourly 
averages [2]. Studies on CH4 emissions from rice agriculture were conducted in 4 
microcosms (14 cm inner diameter, 35 cm high) filled with vermiculite and the 
optimal material and ratio of anode granules [3]. The anode current collector 
consisted of graphite felt (10*10 cm) and a carbon rod. The anode was inoculated 
with effluent from a running MFC. The cathode consisted of the same graphite felt 
(2*5*10 cm) and a carbon rod current collector. The rest of the setup was similar to 
the anode material study. Polarization curves were recorded twice a week [3]. Rice 
seedlings were planted in these microcosms and fed with ¼ Hoagland feed solution 
[4]. The microcosms were placed at 30 ± 4 °C at 12/12 light/dark regime. Greenhouse 
gas emissions were measured twice a week for 2 hours using the closed chamber 
method. Gas samples were stored in duplicate using vacutainers. CH4 and CO2 were 
analysed using a gaschromatrograph (Finnigin Trace GC Ultra, Thermo Fisher 
Scientific). CH4 was determined using FID while CO2 was determined using a thermal 
conductivity detector (TCD). Pore liquid chemical oxygen demand (COD) was 
determined using commercial kits according to the manufacturer’s instructions 
(Machery-Nagel, Germany). 
Results & Discussion 
The study on the size and amount of granular carbon to be used in a Plant-Sediment 
MFC showed that the same material but in differently sized granules, resulted in 
higher current densities for the smaller granules (0.25-0.5 mm) compared to the 
larger granules (1-5 mm) (Figure 1a). Applying granular carbon (1-5 mm) at 2/3 ratio 
of the sediment 
volume gave the 
same current density 
compared to a 3/3 
ratio (Figure 1b). From 
a practical 
perspective, the larger 
granules were 
subsequently used in 
the study on 
greenhouse gas 
emissions from rice agriculture.  
Due to a low amount of current generation based on sole rhizodeposition, a model 
rhizodeposition was added to the rhizosphere. From the start of the addition of the 
organic carbon, current density started to increase (figure 2). Since no organic carbon 
nor CH4 emissions were detected in the closed circuit period, an open circuit period 
was applied. At the end of this period (towards day 70), organic carbon was detected 
in the pore liquid and CH4 emissions started to increase. Closing the circuit again with 
a 500 Ω resistor did not decrease the methane emissions. Decreasing the external 
resistance (100 Ω) and allowing more current to flow did not reduce the methane 
emissions (Figure 2). Current remained low during the last part of the experimental 
period 
(Figure 2). 
The reason 
for the low 
current can 
be found in 
the 
performance 
of the 
cathode 
electrode. 
Towards the end of the study a build-up of organic carbon (rice roots, algae and dead 
leaves) was found on the cathode relating to the low activity of the oxygen reducing 
bacteria. The average cathode potential dropped from 0,47 ± 0,21 V vs NHE before 
and during the open circuit period (day 40-70) to -0,03 ± 0,21 V vs NHE from day 70 
till the end of the experimental period. The large standard deviations are due to the 
circadian rhythm of the cathode potential.  
From these results it can be seen that a large amount of anode material is needed to 
achieve a current density comparable to other, more connected materials such as felts 
[3]. However, applying granules has an advantage over felts when considering the use 
of agricultural practices. From the CH4 emission study it can be seen that introducing 
an anode as alternative electron acceptor can extend the low-emission period of rice 
agriculture. This is comparable to applying for instance Fe (III) or sulphate to the 
rhizosphere [1]. 
In order to improve the value creation of a plant- sediment MFC, it was shown that 
direct electrical power can be harvested by applying granular carbon electrodes. Next 
to that the anode shows the possibility to intervene in microbial metabolism in the 
rhizosphere of the rhizosphere. 
A drawback of applying the standard sediment MFC paradigm is the deterioration of 
the cathode performance over time due to the accumulation of organic matter, 
leading to a loss in cathodic O2 reducing capacity. This can possibly be circumvented 
by introducing a membrane or some other sort of separation between anode and 
cathode and between the cathode and the organic carbon accumulating in the 
overlying waterlayer. One possibility is to introduce oxygenated liquid in a tubular 
cathode in the rhizosphere. This separates the organic carbon from the cathode but 
also decreases the distance between the anode and cathode and thus positively 
impacting the internal resistance of the Plant-Sediment MFC. 
Overall, the Plant-Sediment MFC can provide different benefits (electrical power 
generation, interaction in microbial processes) but the practical and importantly, the 
economical applicability needs to be further validated in terms of electrode use and 
configuration. 
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